Mutagenic analysis of the interior packing of an alpha/beta barrel protein. Effects on the stabilities and rates of interconversion of the native and partially folded forms of the alpha subunit of tryptophan synthase.
A series of single and double amino acid replacements in four beta strands of the alpha subunit of tryptophan synthase from Salmonella typhimurium, and alpha/beta barrel protein, was made to study the interior packing of the barrel and to clarify its folding mechanism. The urea-induced unfolding of the alpha subunit is thought to involve a stable intermediate in which the amino folding unit (residues 1-188; helices 0-5, strands 1-6) remains folded while the carboxy folding unit (residues 189-268; helices 6-8, strands 7-8) becomes disordered [Beasty, A. M., & Matthews, C. R. (1985) Biochemistry 24, 3547; Miles, E. W., Yutani, K., & Ogasahara, K. (1982) Biochemistry 21, 2586]. Mutations in strands 1 (A18G and A18V), 6 (Y175Q), 7 (L209V), and 8 (G230A, G230V, and I232V) at the interface between these two folding units show that the effects on the stabilities of the native and intermediate conformations critically depend on the site of the replacement. Although all of these mutations decrease the stability of the native conformation, only the replacements in strand 6, Y175Q, and possibly strand 8, I232V, also perturb the intermediate. Comparisons of the effects of three pairs of double mutants with the effects of the constituent single mutants on stability show that strands 6 and 7 interact in both the intermediate and native conformations, while strands 1 and 8 interact only in the native conformation. Kinetic studies of unfolding indicate that the interactions which occur in the native conformation arise in the preceding transition state. These results demonstrate that the carboxy folding unit adopts an organized structure in the intermediate, contrary to our previous interpretation. The general implication is that the state of folding of one segment of a protein can depend on the presence of another, more stable element of structure.